02-44 00158 DN

1I. TITLE (Inkode Secunty Clasmfication)
Transverse Kelvin-Helmholtz Instability with Parallel Electron Dynamics and Coulomb Collisions The electrons are treated kineticaily while the ions are treated in the fluid limit.
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It is shown that, in the collisionless case, f r an Inhomogeneous velocity profile V(x) -V rann <x/L) the Kelvin-Helmholtz instaoilitv : stable for kz/k. > r'3/L 1th' L l -k 2 2'/2 in the limit w -k yV 0 >> v e. Here, 7 0 L the flow velociy,
. is the scale length of the velocity shear layer <_ 31C K are " .e parallel and perpendicular wavenumbers, respectively, w = r(2. , is zne electron thermal velocity.
The stabilization of the mode is shown to ne caused y th compressional energy siven to the electrons parallel to ..
In the coli.icnal init, Coulomb collisions are shown to increase the unstable k, lomain because they i.nitit -.ne electron motion parallel to B.
Applications to the high latitude icnospnere ar2 discussed. 
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TRANSVERSE KELVIN-HELMHOLTZ INSTABILITY WITH PARALLEL ELECTRON DYNAMICS AND COULOMB COLLISIONS INTRODUCTION
Velocity shear layers with steep gradient scale lengths are frequently observed in the high latitude auroral zone (Kelley and Carlson, 1982; Basu et al., 1985; Kelley and Earle, 1986) . Recent HILAT satellite measurements reported by Basu et al. (1985) show flows with moderate to strong velocity shears with a shallow irregularity spectrum;
often field aligned currents are also observed in the regions of sheared velocity flows. The observations suggest that the east-west E x B drift velocity, for example, is inhomogeneous and usually reverses its direction as one moves in the north-south direction. This kind of velocity shear transverse to the magnetic field is usually a source of Kelvin-Helmholtz instability (Chandrasekhar, 1961; Mikhailovskii, 1972 stability criterion for a specific velocity profile, (ii) present the effects of collisions on the instability. In analogy with the role of gravity on Kelvin-Helmholtz instability in neutral fluids, we observe that the parallel electron dynamics simulate buoyancy of a fluid in a gravitational field.
II. THEORY
We consider a homogeneous plasma that is drifting across a magnetic field (B -B z) because of an equilibrium inhomogeneous electric field where i -ne( ve -i), e is the charge, n is the plasma density, ,e, . This is a well studied equation (Chandrasekhar, 1961; Mikhailovskii, 1964; Guzdar et al., 1982; Satyanarayana et al., 1983) ; instability (Y > 0, where Y is given by w -w,-+ iY) occurs in the wavenumber domain 0 < k yL < I for V,(x) = V 0 tanh(x/L).
To extend the above theory to three dimensions, we need to consier the equation
which allows for a parallel current along the field lines.
In this paper we consider perturbations along the magnetic field and also equilibrium currents along the field lines. We include electron collisions and use a BGK model to calculate the electron susceptibility (Clemmow and Dougherty, 1969) . Kinetic treatment of the electron parallel motion yields a general equation for the perturbed electro-
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e kzv e) () 2 where , e ' Q2 (a,) is the electron (ion) gyro-frequency, ve is the electron thermal velocity, &e a
Vd is the equilibrium electron drift along the magnetic field, and v is the electron collision frequency. For v -0, (4) is the same as equation (8) of Thompson (1983) without the ion terms; we can ignore the parallel ion terms if we restrict our analysis to pi/L < 1 where pi is the ion gyroradius. We have introduced the parallel electron drift, Vd, and collisional effects which are absent in Thompson (1983) .
III. COLLISIONLESS REGIME (a) Analytical Results
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In this section we set v= 0. A simple stability boundary defining the regions of k and k where the system is stable or unstablz Y can be easily obtained in the domain where the electrons behave as a fluid; this is the region where the argument of the Z function is large (i.e., IE. > > 1).
In this domain the Z function can be approximated as 1/ e -1/2 &e . With this approximation (4) takes the form interchange of a drifting, weakly inhomogeneous fluid in a gravitational field with a sheared Irift velocity (Drazin, 1953; ChandraseKhar, 1961 
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The modes are stable for J > 1/4 or k2 V 0 2 Z >8) y Thus, parallel electron dynamics has a stabilizing influence on the Kelvin-Helmholtz instability. Figure I shows the stability boundary where we plot J versus kyL.
We note that the conclusions of Thompson (1983) are qualitatively correct.
However, our analysis shows that J < 1/4 for instability as opposed to J < 1 given by Thompson (1983) who did not consider the
A derivation of this stability criterion based upon the energy principle is given in Sec.
III.c. (1/2)(k z/k y)w W From Curve A of Figure 2 we also see that the modes are stable for a > 9. This Is in agreement with the criterion J > 1/4 previously discussed. We find that for reasonable values of the parallel drift velocity (i.e., Vd < ve) these results are not significantly altered. We find that in this regime the argument of the Z function is large, indicating that the electrons are merely acting as a fluid and wave particle effects are not playing an important role. On the other hand, for sufficiently small a the theory breaks down as shown by the kink in Fig. 2 ; the orbits begin to play an important role here (L -p) and kinetic effects need to Included.
We now solve (4) for several mode numbers. 
XP [ V dx]
where Q is the coefficient of ¢ in (4). For a given vale of ky, we search for an elgenvalue w such that integration of (4) 
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where mi is the mass of the ions and n is the density. From (10) and (16) the stability condition, 6T < 6W, is
since 6V = (aV 0 /3x) 6x. Thus, the stability condition can be written as
y which agrees with (8) derived in Section II.
IV. COLLISIONAL REGIME
In this section we study the effects of electron collisions on the transverse Kelvln-Helmhoitz instability.
[n Fig. 6 we plot the normalized growth rate ry/(Vo/L)) as a function of kL for = K.01, <,L = .0 x 10-3, and k = 0.6. The variation f e normaiized growth rate for , = 0 is shown by curve 4, and fPr V 10 0 (7 I.') by c urve .
We not-? that the electron co s',ns 3introduce a w scale s..ze, tw collisional mean free oath
Inhibited, and as a consequence the kzL domain over which the modes are now unstable is much larger. This is shown clearly in Fig. 6 , where the collisional growth rate (curve B) goes to zero for kzL > 0.07, while the collisionless growth rate (curve A) drops to zero sharply for k zL > 0.005.
In addition, curve B of Fig. 2 In such a way that the basic Kelvin-Helmholtz mode is unstable in a larger kz domain than the collisionless case.
V. SUMMARY AND DISCUSSION
In this paper we have considered the effect of parallel electron motion on the transverse Kelvin-Helmholtz instability as a f.ist step toward a three-dimensional analysis of the nature of convective flows in the high latitude ionosphere. In the collisionless regime (N. = 0), we
show that for an inhomogeneous velocity profile given by V(x) = V tanh (x/L) the Kelvin-Helmholtz instability is stable for kz/ky
We further 0 thy y y 0 ze
show that the physical mechanism for stabilization is the compressional energy given to the electrons parallel to B.
In the collisional egine ( v. * 0), we show that the Kelvin-Helmholtz instability is not as . easily stabilized by finite kz effects; this is attributed to the inhibition of parallel electron motion for k < < x mfp We apply this stability criterion for parameters relevant to the high latitude ionosphere. We take w h = 3. Kelvin-Helmholtz modes unstable (e.g., for k yL = 0.6 and kzL = 0.01).
However, these conclusions are predicated on the important assumption that kz/ky M (a i/a I)/ which may not be the case. Recent analyses of unstable flute modes in barium clouds (i.e., the gradient drift instability) (Sperling et al., 1984; Drake et al., 1985) indicate that k /ky = 0 within the unstable cloud. A more detailed three-dimensional analysis (Drake and Huba, 1987 ) is needed to assess the role of the Kelvin-Helmholtz instability in high latitude dynamics. Finally, we add that we have neglected ion-neutral collisions in the analysis; these can be important in the lower F region. In a forthcoming study (Mitchell et al., 1987) we will present analytical and computational results demonstrating the effect of Ion-neutral collisions on the transverse 
